Objective: To evaluate growth and tolerability of infants fed a formula supplemented with docosahexaenoic acid (DHA) from a new strain of Schizochytrium sp (DHASCO ® -B) microalgae.
Introduction
Docosahexaenoic acid (DHA) and arachidonic acid (ARA), omega-3 and omega-6 long-chain polyunsaturated fatty acids (LC-PUFA), respectively, are commonly included in infant formulas. DHA is most abundant in the gray matter of the brain and in the retina of the eye where it is an important structural component of cellular membranes enhancing membrane structure and fluidity and has a modulatory role in cell signaling [1, 2] . Clinical studies in human infants have provided evidence that DHA is essential for optimal brain and retinal development that translates into benefits in both visual and cognitive performance [3] [4] [5] [6] [7] [8] [9] . During neonatal life, there is a rapid accretion of both DHA and ARA in infant brain, DHA in retina and of ARA in the whole body [10] .
It is important to provide an appropriate supply of preformed DHA throughout infancy as brain development and DHA accretion continue at a very rapid pace during the first 2 years of life [11] . Both DHA and ARA occur naturally in breast milk and their amounts depend on the maternal diet, with levels that vary worldwide from 0.1 to 1.4 wt% of total fatty acids for DHA and from 0.24 to 1.0 wt% for ARA [12] . The best estimates of worldwide mean breast-milk DHA and ARA concentrations (wt% of total fatty acids) are 0.32-0.40% for DHA and 0.47-0.56% for ARA [12] . In 2008, the World Health Organization (WHO) and the Food and Agriculture Organization of the United Nations (FAO) set recommendations for commercially available infant formulas at 0.20-0.36% for DHA and 0.40-0.60% for ARA of total fatty acids [13] . The highest contents of DHA and ARA are found in US commercial term formulas at levels 0.32% DHA and 0.64% ARA [14] .
In the U.S., the first commercially available DHA-containing oil for infant formulas was DHA single cell oil (DHASCO ® ) produced from the microalgae Crypthecodinium cohnii. DHASCO is generally recognized as safe (GRAS) for use in infant formulas at a maximum level of 1.25% (up to 0.5% for DHA alone) of the total dietary fat [15] . Two other DHA-containing algal oils derived from distinct algal strains of Schizochytrium sp. (DHASCO-S ® and DHA-O ® ) are GRAS for use in food and dietary supplements [16, 17] . Recently, a new DHA-rich oil was obtained from a different wild-type strain of Schizochytrium sp., herein named DHASCO-B ® . This oil is distinct from other algal oils in composition: it contains a minimum 40% DHA and up to 10% eicosapentaenoic acid (EPA) with a minor amount of docosapentaenoic acid (DPA). DHASCO-B ® is intended for use in preterm and term infant formulas and follow-on formulas. DHASCO-B is a triacylglycerol, similar to the form of DHA found in breast milk. In July 2013, an independent panel of experts determined DHASCO ® -B to be GRAS (with maximum 0.5% of fat as DHA in infant formula) as acknowledged by FDA Office of Food Additive Safety, Center for Food Safety and Applied Nutrition in June 2015 [18] .
This 120-day clinical study compared the growth and tolerance of healthy term infants fed formula containing DHA from DHASCO ® -B as 0.32% of total fatty acids versus infants fed a similar reference formula containing DHA from DHASCO® as 0.32% of total fatty acids. There were no other changes in formula composition, including use of 0.64% ARA in both formulas derived as a single cell oil (ARASCO ® ) from the soil fungus Mortierella alpina. The primary objective was to determine whether weight gain and tolerability of healthy term infants fed a commercially available term infant formula supplemented with DHASCO ® was similar to that of infants fed the same formula supplemented with a new product, DHASCO ® -B. A secondary objective was to determine bioequivalence between the formulas in red blood cell DHA levels, an indicator of brain levels [19] .
Methods
This study was designed as a randomized, double-blinded, activecontrolled, parallel two-group trial conducted at 12 U.S. clinical sites. The study design was consistent with guidelines detailed in the WHO Child Growth Standards [20] . The protocol and informed consent (IC) were approved by Chesapeake Institutional Review Board (Columbia, MD) and New England Institutional Review Board (Newton, MA) and underwent a revision to change the age of parents from ≥21 years to a minimum of 18 years and to increase enrollment from 144 to approximately 159 infants. Overall study duration was approximately 14 months. The study trial was registered with Clinicaltrials.gov (NCT02144402).
Study population
Healthy term infants (n=159) with weights ≥2500 gram were stratified by gender and randomized on or before 14 th day of life (DOL) to receive either DHASCO® or DHASCO®-B formula until DOL 120. Parents and the study site investigators and staff as well as the clinical research organization and trial sponsor were blinded regarding the study formula to which individual subjects were assigned. Infants (parents) had to meet all of the following inclusion criteria to qualify for entry into the study: full term (gestational age 37 to 42 weeks), birth weight ≥2500 grams, healthy singleton infant ≤14 days, parent (minimum 18 years of age) provided consent on behalf of the infant, parent confirmed their intention to feed their infant the assigned study formula as the sole source of nutrition for the duration of the study unless instructed otherwise by their healthcare professional, and parent voluntarily signed and dated an IC document. Infants (parents) who met any of the following exclusion criteria did not qualify for entry into the study: congenital malformation or genetic disorder that could interfere with normal growth and development, other metabolic anomalies, maternal infectious diseases, alcoholism or substance abuse, mothers who had gestational diabetes and /or were receiving insulin during pregnancy, any other adverse maternal, fetal or infant medical history with potential to affect tolerance, growth, and/or development, and participation in another clinical study.
Interventions
At enrollment, eligible newborns were randomized 1:1 to investigational DHASCO ® -B or reference DHASCO® formula and were stratified by gender into block sizes of four utilizing an interactive web response system (IWRS). Infants were fed either the investigational or reference formula. Both formulas contained DHA as 0.32% of the total fatty acids and 0.64% ARA of the total fatty acid content. Compositions of the two formulas are detailed in Table 1 . Both study products were in the form of a cow's milk-based infant formula packaged in ready-tofeed (RTF) liquid formulation in 8 Sufficient quantities of the study formulas were provided at each study visit (DOL ≤14, 30, 60, 90 and 120) to enable parents to feed the assigned study product ad libitum as the sole source of nutrition for the duration of the study. Parents were given intake and tolerance forms to complete for three 24-hour periods prior to DOL 30 and 120 visits. Parents were asked to log the time and amount of formula taken. They were also asked to respond "yes" or "no" to the following tolerance questions: (1) Were your baby's stools watery? (2) Were your baby's stools hard? (3) Was your baby gassy? (4) Did your baby spit up more than usual after the feedings? (5) Was your baby fussy? (6) Are you satisfied with the formula?
Outcomes
Anthropometric assessments were made at each visit that included weight, length, weight/length ratio, and head circumference. All parents consented to have a blood sample collected from their infant at DOL 120 that evaluated red blood cell (RBC) fatty acids (DHA, ARA, EPA and DPAn-6), metabolic panel (sodium, potassium, chloride, carbon dioxide [CO 2 ], blood urea nitrogen, glucose, creatinine, and calcium). Consecutive subjects were enrolled in the blood collection sub-study until the target number of 72 had been reached (71 of the 72 subjects were able to provide blood). The recording of adverse events (coded by MedDRA 17.0) started after the parent signed the informed consent form and the subject was given the first feeding with study formula and continued until study completion.
Statistical methods
Rate of weight gain (gram/day) was calculated from the weight measured at enrollment subtracted from the weight measured at a subsequent visit, divided by the number of days between the actual visits. The 90% confidence interval approach of the "two one-sided test" (TOST) methodology was used to assess equivalence between the formulas. Study success and equivalence were established if the 90% confidence interval for the difference between groups in the daily weight gain was contained within the interval (-3.4 to 3.4) [23] . Further, a comprehensive assessment of the effects of gender on the primary endpoint was completed. For assessment of the effects of gender, two methodological approaches were summarized; 1) gender-stratified TOSTs were calculated to assess equivalence within genders, and 2) ANOVA methods with gain as the dependent variable, and with the treatment group, site and gender as factors in the model.
Continuous variables were summarized with the mean, standard deviation, median and range and were analyzed by analysis of covariance (ANOVA) or Wilcoxon rank sum tests, as appropriate. Categorical variables were analyzed by exact tests, chi-square tests or Cochran-Mantel-Haenszel tests, as appropriate. Results were considered statistically significant at the 5% level. SAS (version 9.4) general linear model (GLM) and/or MIXED procedures were used for models and group comparisons on continuous endpoints. Categorical variables were summarized with counts and percentages and SAS FREQ procedure was used for group comparisons on categorical endpoints.
RBC fatty acid levels were calculated as weight percent of fatty acid, and as microgram of fatty acid per milliliter of red blood cells. These were analyzed using ANOVA with treatment group and site as factors in the model. Measures of bioequivalence of the RBC DHA blood levels (µg/mL) between the two groups were conducted by examining:
• If the difference between the group means of the logtransformed data was within -0.2231 and +0.2231 (+/-ln(1.25)), and
• If the ratio of the geometric means of the investigational formula compared to the standard control formula was within 80% and 125%.
Determination of sample size was based on the assumption there was no difference between groups in daily weight gain. The overall standard deviation in daily weight gain was assumed 6 gram/day, and therefore 55 subjects per group were required to be 80% sure that the 90% confidence interval for the difference was within the interval (-3.4 to 3.4) [23] . Originally, based on an estimated 25% attrition, enrollment of 144 infants was planned (72 per treatment group (36 male and 36 female) for the study. As attrition rose, an estimated 30% attrition rate was used to increase the sample size by 15 subjects to a total of 159. This led to approximately 79 subjects in each group with approximately 39 of each gender. Figure 1 . There were no screen failures. Overall, 159 infants were randomized into the study (79 in the DHASCO ® group; 80 in the DHASCO ® -B group); 104 (65.4%) completed the study. Of the 55 discontinued infants, 31 were withdrawn by the parent or investigator due to a treatment-emergent adverse event (TEAE) or serious adverse event (SAE), 11 were discontinued by the parent or investigator for reasons other than safety, 13 were lost to follow-up, and 1 was withdrawn for protocol non-compliance. Rate of discontinuation was 36% at Visit 1, 31% at Visit 2, 18% at Visit 3 and 14% at Visit 4. Table 2 shows that demographic and baseline characteristics were similar between the 2 treatment groups. Overall, mean age (±SD) of the infants at enrollment was 7.8 ± 3.88 days; the gender ratio was 81 (50.9%) female and 78 (49.1%) male; mean weight at enrollment was 3387.6 ± 428.82 g; and the majority of infants were white (81.1%). Overall, 52.2% of mothers used prenatal DHA supplements, and a total of 31 (19.5%) infants were fed breast milk prior to enrollment. Body weight, length and head circumference at enrollment were similar between the 2 groups; the overall mean (±SD) totals were 3387.6 grams (±428.82), 50.6 cm (±2.17) and 35.0 cm (±1.48), respectively. There was greater than 75% mean compliance in both treatment groups as assessed by counting the number of bottles of formulae returned at the last visit. The similarities in growth rate were reflected in similarities in achieved body weight (Figure 2 ). For the primary endpoint, the rates of mean daily weight gain (±SD) by DOL 120 were equivalent between the formulas (90% CI TOST: -2.94 to 1.31, within the equivalence Adverse Event (19) Lost to Follow-Up (7) Other ( Table 2 : Demographics and Baseline Characteristics (Safety Population). 1 Birth anthropometrics (weight, length and head circumference) were analyzed using analysis of variance (ANOVA) methods with treatment group and gender as factors in the model. Age at enrollment was analyzed using ANOVA methods with treatment group as a factor in the model. Gender, ethnicity, mother use of prenatal vitamins, and race were analyzed by exact tests, chi-square tests or Cochran-Mantel-Haenszel statistics, as appropriate, to compare the treatment groups on these demographic variables. If an endpoint was measured in duplicate, then the average of the two assessments was used as the measurement for that visit. 2 The parents were permitted to choose more than one race. [2] P-value for actual measurements at enrollment DOL 30, 60, 90 and 120 using repeated measures analysis of variance (ANOVA) with time, treatment group, site, gender and the interaction as factors in the model. [3] The 90% confidence interval (CI) approach of the two one-sided test (TOST) methodology. Study success and equivalence was established if the 90% CI for the difference between groups in the daily weight gain was contained within the interval (-3.4 to 3.4). interval -3.4 to 3.4). Using ANOVA methods, with daily weight gain as the dependent variable, and with treatment group, site and gender as factors in the model, there was no significant difference in rate Overall, as expected, males were heavier at baseline and throughout the study (Figure 3 ). While both males and females had a pattern of slightly greater weight gain in the early visits with the reference formula, this trend was reversed in later visits for females in which equivalence was established between treatment groups (90% CI TOST: -3.38 to 1.76). Males, on the other hand, had a small early greater weight gain with the reference formula that resulted in nonequivalence (90% CI TOST: -3.72 to 2.32). However, in the per protocol population of subjects who completed the study, daily weight gain was equivalent for males (90% CI TOST: -3.38 to 3.08).
Results

Subject (infant) disposition is shown in
The mean (±SD) rates of daily length gain and head circumference gain by DOL 120 were not different for the reference and DHASCO ® -B formula groups (0.1 ± 0.01 cm/day for both measures; p=0.992 and p=0.223, respectively). Actual measurements over time also showed no significant difference in length gain or head circumference gain between the formulas (p=0.128 and p=0.299, respectively). Daily ratio (weight/ length) gain by DOL 120 was not significant between the formula groups, 0.3 ± 0.09 and 0.4 ± 0.11, for the reference and DHASCO ® -B groups, respectively (p=0.485), and analysis of assessments over time also showed no difference in ratio gain between formula groups (p=0.335).
Tolerance evaluation showed no difference between formula groups in any of the following variables at either DOL 30 or 120: watery stools, hard stools, gassiness, spitting up or fussiness. The most common tolerance issue was gassiness (flatulence) at Day 30 (72.2% vs. 63.8% for reference vs. DHASCO®-B, respectively; p=0.538), and Day 120 (29.1% vs. 32.5%, respectively; p=0.312). At Day 30, 79.7% vs. 72.5% of parents (reference vs. DHASCO®-B, p=0.520) reported satisfaction; and at Day 120, 63.3% vs. 58.8% of parents (reference vs. DHASCO ® -B, p=1.000) reported satisfaction with the formulas.
Fatty acid profiles in red blood cells generally reflected the The 90% confidence interval (CI) approach of the two one-sided test (TOST) methodology by gender and treatment. Equivalence was established if the 90% CI for the difference between treatment groups by gender in the daily weight gain was contained within the interval (-3.4 to 3.4). (Table 3) . Measures of bioequivalence of the DHA red blood cell levels between the reference (1.29 µg/mL) and DHASCO®-B (1.33 µg/mL) formulas were achieved. The difference between the group means of the log-transformed DHA data was -0.04198 (within -0.2231 and +0.2231 [+/-ln(1.25)]), and the ratio of the geometric means for DHA with the DHASCO®-B formula relative to the reference formula was 96.85% (within 80% and 125%). Total formula intake between the DHASCO®-B and reference groups did not vary significantly at DOL 30 (76.0 vs. 80.8 ounces; n=59 and n=66, respectively; p=0.256) or at DOL 120 (median: 105.5 ounces vs. 105.0 ounces; n=43 and n=47, respectively; p=0.834).
Treatment-emergent adverse events are summarized overall and for individual incidence ≥5% with either formula in Table 4 . The overall incidence of TEAEs was slightly greater with DHASCO ® -B than with the reference formula (72.5% and 57.0%, respectively). The frequency of SAEs was low, 7 subjects in the DHASCO®-B group (viral infection in 4 subjects, sleep apnea in 1 subject, gastric obstruction in 1 subject and sudden infant death syndrome in 1 subject) and 2 subjects in the DHASCO® group (urinary tract infection and bronchiolitis). All SAEs were considered not related to study formula and all but one had resolved by the end of the study. The death from sudden infant death syndrome occurred approximately 3 months after the first intake of formula and was considered by the investigator as unrelated to treatment. As shown in Table 3 , the incidence of infants who experienced a TEAE assessed with a definite (7.5% vs. 7.6%, respectively) or suspected (18.8% vs. 15.2%, respectively) relationship to product was similar among the 2 groups. Consistent with tolerance assessments, flatulence had the highest incidence among all subjects (21.3% DHASCO-B vs. 11.4% DHASCO, respectively). Other events were generally comparable between the formulas, and as expected gastrointestinal events were more prevalent than other TEAEs. 1 P-value using analysis of variance (ANOVA) methods with the RBC data as the dependent variable, and with treatment group and site as factors in the model. 
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Discussion
LCPUFAs are essential nutrients for optimal brain and retinal development and infant growth [3] [4] [5] [6] [7] [8] [9] 24, 25] . Studies have shown the growth of infants fed LCPUFA-supplemented formulas do not differ significantly from breast-milk feeding, and the supplemented formulas are well tolerated [10, [26] [27] [28] [29] . Further, supplementation of DHA and ARA from single cell algal and fungal sources in term infants (at recommended worldwide human milk levels) results in RBC concentrations of the LCPUFAs, which are comparable to those of breast-fed infants [19, [30] [31] [32] . The present study confirmed that a new infant formula (DHASCO®-B) supplemented with DHA from a unique strain of Schizochytrium sp microalgae promoted growth according to WHO growth standards [20] , and in an equivalent manner to a standard reference formula (DHASCO [15, 18] . This level corresponds to a maximum of 0.5% of total fat as DHA. Assuming human infants consume about 100 to 120 kcal/kg body wt/day, of which fat comprises about 50%, an infant will consume about 50-60 kcal/kg body wt/day of fat, or about 5.5-6.7 g of fat/kg body wt/day (1 g fat=9 kcal). The DHASCO ® -B formula maximum intake of 1.25% of daily fat for an infant would correspond to 69-83 mg DHASCO ® -B/kg body wt/day providing 27-33 mg/kg body wt/day of DHA which is consistent with current DHA recommendations for term and preterm infants of 10-60 DHA mg/ kg body weight depending on gestational age [33] . DHASCO ® -B is intended to be used in combination with a source of arachidonic acid (ARA) when added to pre-term, term, and follow on infant formulas. The ratio of DHA to ARA typically ranges from 1:1 to 1:2.
The present study demonstrated equivalent growth profiles (gains in weight, body length and head circumference) across both formulas [20] , as well as comparable tolerability. Bioequivalence of DHA levels in RBCs, representative of tissue levels, was also demonstrated with DHASCO®-B compared to DHASCO ® . When analyzed by gender, females displayed equivalent weight gain across both formulas. While male infants tended to have a greater rate of weight gain in the reference group, the difference from the DHASCO ® -B group was not clinically meaningful. These results could be confounded by the fact that males are known to have greater rates of growth in the first 4 months of life [20] . The small sample size and statistical variability due to noncompleters likely contributed to the non-equivalent findings in males, as the study showed equivalence in the analysis of the male infants who completed the study per protocol.
Supplementation of term infant formula with 0.36% DHA and 0.72% ARA during the first year of life yields clear differences in total RBC lipid composition and in visual function [30] . By 17 weeks of age, DHA concentrations in RBCs from supplemented formulas will more than double, and by week 39 will be more than 3 times. In the current study, infants in both formula groups had an equivalent absorption of DHA that is consistent with other published trials [5, 8] .
In conclusion, this trial demonstrated that at 4 months of life (120 days), there was no difference in daily weight gain between infants fed formula supplemented with DHASCO ® -B than those fed with standard formula containing DHASCO ® and the overall weight gains were found to be equivalent between the two formulas. Length gain, head circumference gain and ratio (weight/length) gain were also equivalent. The RBC levels of DHA were bioequivalent between the two formula groups and consistent with commercial supplemented formulas.
Tolerability was not significantly different between formula groups, nor was parent satisfaction different between the formulas. Overall, safety profiles for the formulas were similar and typical for this age group and did not raise any concerns.
